Performance and Emission Studies of a CI Engine Coupled with Gasifier Running in Dual Fuel Mode  by Shrivastava, Vinay et al.
 Procedia Engineering  51 ( 2013 )  600 – 608 
1877-7058 © 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of Institute of Technology, Nirma University, Ahmedabad.
doi: 10.1016/j.proeng.2013.01.085 
Chemical, Civil and Mechanical Engineering Tracks of 3rd NirmaUniversity International Conference 
(NUiCONE 2012) 
Performance and Emission Studies of a CI Engine Coupled with Gasifier 
Running in Dual Fuel Mode 
Vinay Shrivastavaa, Abhishekh Kumar Jhab, Arun Kumar Wamankarc and S. Murugand* 
aM.Tech student, NIT, Rourkela-769008, India 
bB.Tech student, NIT, Rourkela-769008, India 
cResearch scholar, NIT, Rourkela-769008, India 
dAssociate professor, NIT, Rourkela-769008, India 
Abstract 
Gasification is a thermo-chemical process for converting a solid fuel into a mixture of combustible gases that can be used for heat and 
power applications. In this study, a downdraft gasifier was designed and developed to use wood chips and mustard oil cakes in the ratio of 
7:3 as a feed stock. An experimental investigation was also carriedout to evaluate the performance and emission parameters of a single 
cylinder, four stroke air cooled engine developing power of 4.4kW at a rated speed of 1500rpm running on a dual fuel mode. In this mode, 
the producer gas was introduced in the inlet manifold of engine at a flow rate of 4lpm, 6lpm and 8lpm respectively while diesel was 
injected into the engine as main fuel. The results obtained from the dual fuel mode were compared with standard Diesel operation. Results 
indicated that a reduction in the consumption of Diesel was observed when operated on dual fuel mode though there was a reduction in 
brake thermal efficiency. Nitrous oxide emission was found to be very low in dual fuel which is a great advantage of dual fuel mode over 
Diesel alone but, carbon monoxide and hydrocarbon emission for dual fuel mode was found to be higher than diesel.   
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Institute of Technology Nirma 
University, Ahmedabad. 
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Nomenclature 
DF         diesel fuel 
PG producer gas 
BP brake power 
BTE brake thermal efficiency 
BSEC brake specific energy consumption 
lpm litres per minute 
1. Introduction 
1.1. Biomass conversion technology 
     Variety of conversion technologies is available today for the production of alternative fuels from biomass. Conversion 
process generally depends on the physical condition of biomass and the economics of competing process. Biomass 
conversion technology can be basically grouped into three categories. 
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 Direct combustion  
 Thermo-chemical conversion  
 Biochemical conversion 
     In direct combustion, oxygen supplied is generally higher than that of stoichiometric limit. In the thermo-chemical 
conversion method the biomass is raised to high temperature and depending on the quantity of oxygen supplied, pyrolysis or 
gasification takes place [1]. The biochemical conversion process is a low energy process and relies upon the action of 
bacteria which degrade complex molecules of biomass into simpler ones. Production of biogas from animal dung by 
anaerobic digestion is a good example of biochemical process. 
     In the gasification process, solid biomass is broken down to produce a combustible gas by the use of heat in an oxygen-
starved environment [2]. Heat for gasification is generated through partial combustion of the feed material. The chemical 
breakdown of fuel and internal reactions result in a combustible gas usually called "producer gas". The main combustible 
gases are H2 and CO, but small amounts of methane, ethane and acetylene are also produced. Overall gasification efficiency 
is generally dependent on the specific gasifier used, fuel type, fuel moisture content and fuel geometry. Fuel gas from air 
blown gasifier has low calorific value (around 5MJ/m3) and fuel gas from oxygen fed gasifier has a medium calorific value 
(10  20 MJ/m3). This gas can either be used onsite to produce heat, electrical or mechanical energy or can be converted into 
substitute like methane and methanol. The objectives of proposed work are as follow; 
 
 To design and fabricate a down draft gasifier with effective cooling and cleaning device.  
 To use of 70% wood chips and 30% mustard oil cake as feed stock in the down draft gasifier.  
 To use producer gas as a secondary fuel in a diesel engine. 
 To introduce producer gas partially with air into the inlet manifold of 4-stroke single cylinder diesel engine and conduct 
the performance and emission test with varying loads in the diesel engine. 
2. Gasification Technology 
      Gasification is a thermo-chemical process by which carbonaceous (hydrocarbon) materials (coal, petroleum coke, 
biomass, etc.) can be converted to a synthesis gas (syngas) or producer gas by means of partial oxidation with air, oxygen, 
and/or steam [3]. Gasifier is a chemical reactor where various complex chemical and physical processes take place. A 
hydrocarbon feedstock (biomass) is fed into a high-pressure, high-temperature chemical reactor (gasifier) containing steam 
and a limited amount of oxygen. The biomass is fed in the reactor where it gets dried, heated, pyrolysed, partially oxidized 
pressure and producer gas is formed [4]. The main constituents of the producer gas are hydrogen (H2) and carbon monoxide 
(CO). As a whole, the task of gasifier is to pyrolyze the biomass to produce volatile matter, gas and carbon and to convert 
the volatile matter into permanent gases, CO, H2 and CH4. The chemical composition and some of the physical properties of 
wood chips and mustard seed oil cake is given in Table 1. 
                                                Table 1. Chemical composition of feed stock. 
 
Property Wood chips Mustard oil cake 
Carbon (%) 48.6 47.47 
Hydrogen (%) 6.5 5.73 
Oxygen (%) 40 38.91 
Nitrogen (%) 7.26 7.26 
Sulphur (%) 0.05 1.74 
Ash Content(%) 3.90 7.70 
Moisture Content (%) 6.57 6.02 
Volatile Matter (%) 86.2 84.02 
GCV(MJ/kg) 18.06 20.5 
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3. Downdraft Gasification 
     The photograph of the gasifier unit is shown in Fig 1. The unit consists of a downdraft gasifier, heat exchanger, cleaning 
cum cooling chamber, drum and a flow meter [5]. Coal was used to initiate the gasification process. About 10  12 pieces of 
coal was fed into the gasifier and then it was ignited. Air was inducted with the help of a blower. The flow of air was 
regulated as per the requirement. Once the ignition of coal starts, a mixture of wood chips and mustard oil cake in the ratio 
of 7:3 by weight was fed into the hopper. The blower supplied air in such a way that the biomass burnt partially and 
generates producer gas [6]. This producer gas thus passed through the gap between gasification zone and casing of 
gasification zone. Here most of the heavier particles get stuck and tar present in producer gas gets creaked. Now this 
producer gas was allowed to pass through a heat exchanger where the temperature of producer gas got reduced [7]. Further, 
the producer gas passed through the cleaning cum cooling chamber where it was cleaned as well as cooled [8-9]. The 
physical properties of producer gas are shown in Table 2.[10]. Before inducting the producer gas into the inlet manifold of 
engine, it was temporarily stored in a storage drum to reach sufficient pressure. A gas flow meter located between the 
storage drum and the intake manifold of the engine was used to measure the flow rate of the producer gas in terms of liter 
per minute. This flow meter can be regulated as per the requirement of supply. 
                                                            Table 2. Physical properties of producer gas 
 
Properties Producer gas 
Density, kg/m3(at 1 atm&200C) 1.287 
Stoichiometric air fuel ratio(kg/kg) 1.12:1 
Flammability limits N/A 
Lower calorific value (kJ/kg) 5000 
 
3.1. Feed stock for gasifier 
     In this study, wood chips and mustard oil cake were used as a feed stock for gasification [11]. The feedstock is a 
renewable and easily available at large scale. Wood chips were collected from furniture shop and the mustard oil cake was 
collected from a mustard seed oil expeller unit. Generally, the mustard seed oil cake is used as the cattle feed, because of its 
higher nutrition content. 
 
3.2. Experimental setup 
 
     A single cylinder, four stroke air-cooled and naturally aspirated DI diesel engine designed to develop a power of 4.4kW 
at 1500 rpm was used for the experimental study. A detail of engine specification is shown in Table.3. 
 
                                                      Table 3. Engine specification 
 
Parameters  Specifications 
Model Kirloskar TAF 1 
Brake power (kW) 4.4 
Rated speed (rpm) 1500 
Bore (mm) 87.5 
Stroke (mm) 110 
Compression ratio 17.5:1 
Nozzle opening pressure (bar) 200 
Injection timing (0CA) 23 
Cooling System Air cooled 
 
 
     Diesel was used as a pilot fuel to run the diesel engine in this study. The physical and combustion properties of diesel 
fuel are shown in Table 4. 
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                                                            Table 4.  Physical and Combustion Properties of Diesel fuel 
 
Properties Diesel fuel 
Formula C12H26 
Density, Kg/m3(at 1 atm&200C) 840 
Auto ignition temp(K) 527 
Stoichiometric air fuel ratio(kg/kg) 14.5 
Flammability limits (Volume %) 0.6-5.5 
Lower calorific value (kJ/kg) 42,500 
  
 
     The air flow in the intake manifold of engine was measured by a pressure drop across a sharp edge orifice of the air surge 
chamber and by sensors. Fuel consumption was determined by using calibrated burette with an accuracy of 0.1cc. A laptop 
was provided with data acquisition system to collect the data from all sensors and stored for offline calculations. The 
exhaust gas constituents CO, CO2, HC, NO, O2 were measured by AVL gas analyzer and smoke density was measured by 
AVL smoke meter. 
 
(a)     (b)    
 
Fig. 1. Illustration of experimental setup (a) Fabricated downdraft gasifier (b) Complete picture of engine coupled with gasifier unit 
 
4. Results and discussion 
     In the present work, the performance and emission tests were conducted on diesel engine in dual fuel mode i.e. Diesel 
(DF) as primary fuel and producer gas (PG) at 4lpm, 6lpm and 8lpm as secondary fuel respectively. The fuel terms are 
denoted as DF+PG4lpm, DF+PG6lpm and DF+PG8lpm, where the mass flow rates of producer gas in indicated after PG. 
The results of the performance and emission test are described below. 
4.1. Performance characteristics of diesel engine in dual fuel mode 
     In the present work, the performance tests were conducted on diesel engine at dual fuel mode i.e. Diesel (DF) as primary 
fuel and producer gas (PG) at 4lpm, 6lpm and 8lpm as secondary fuel respectively [12]. The fuel terms are denoted as 
DF+PG4lpm, DF+PG6lpm and DF+PG8lpm, where the mass flow rate of producer gas is indicated after PG. The 
performance test results are discussed in the subsequent section. 
     The engine performance with diesel fuel (DF) and producer gas (PG) was evaluated in terms of brake thermal efficiency 
(BTE), brake specific energy consumption (BSEC) and exhaust gas temperature (EGT) at no load, 1.1kW, 2.2kW, 3.3kW 
and 4.4kW of brake power [13]. 
4.1.1. Brake thermal efficiency 
 
     The variation between brake thermal efficiency and brake power for diesel and producer gas on dual fuel operation is 
illustrated in Fig. 2. A considerable reduction in brake thermal efficiency is observed in dual fuel mode as compared to that 
of DF mode at all loads. The maximum efficiency achieved by Diesel was 27.5% whereas in dual fuel mode, maximum 
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efficiency achieved was 26%, 25% and 24.5% for D+PG4lpm, D+PG6lpm and D+PG8lpm respectively. The reduction in 
BTE is due to the lower calorific value of producer gas, which contains more combusted mixture that enters into the engine.
Producer gas evolved from the engine is at higher temperature and therefore density of producer gas is reduced, which in 
turn reduces the mass flow rate of producer gas and air required for combustion, resulting in lowering the oxygen level
required for combustion. This insufficient oxygen in the combustion chamber is the cause of incomplete combustion [14].
Fig. 2. Effect of brake power on brake thermal efficiency in dual fuel mode
4.1.2. Brake specific energy consumption
The variation between brake specific energy consumption and brake power is shown in Fig. 3. Brake specific energy
consumption in dual fuel mode was calculated from the fuel consumption and calorific value of diesel and producer gas. 
Brake specific energy consumption in dual fuel mode was found to be higher than that of diesel mode at all load conditions.
BSEC is inversely proportional to BTE; hence as the brake thermal efficiency reduces with producer gas, the BSEC
decreases with corresponding flow rate of producer gas.
Fig. 3. Effect of brake power on brake specific energy consumption in dual fuel mode
4.1.3. Exhaust gas temperature (EGT)
The variation of exhaust gas temperature with brake power for Diesel and producer gas on dual fuel operation is
portrayed in Fig. 4. The exhaust gas temperature of Diesel at full load is found to be 330 C while the exhaust gas
temperature at full load for D+PG4lpm, D+PG6lpm and D+PG8lpm are found to be 365, 378 and 388 C respectively. It can
be observed from the figure that the exhaust gas temperature in dual fuel mode is always higher than Diesel. This is due to
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the excess energy supplied to the engine [15]. The exhaust gas temperature can be reduced by increasing the density of fuel 
mixture for combustion in engine.
Fig. 4. Effect of brake power on exhaust gas temperature in dual fuel mode.
4.2. Emission characteristics of diesel engine in dual fuel mode
   Emission from the engine reflects the quality of combustion takes place inside the engine. The different emission 
parameters measured during diesel and dual fuel (D+PG) mode operation are discussed as follows.
4.2.1. Carbon monoxide (CO) emission
There are two major causes of formation of CO emission, the first one is the incomplete combustion due to insufficient
amount of oxygen supplied in combustion chamber and the second one is the poor mixture formation. The variation of CO
emission of the engine with DF and dual fuel mode is depicted in Fig. 5. With increase in load, an increase in CO emission 
is observed with Diesel and Diesel with producer gas in dual fuel mode. Much higher values of CO emission are recorded in 
dual fuel mode as compared to Diesel mode. The higher concentration of CO emission in the dual fuel mode is due to
incomplete combustion. The mixture of high temperature producer gas and air flow to the engine reduces the amount of 
oxygen required for complete combustion. This creates incomplete combustion and increases the CO emission.
Fig. 5. Effect of brake power on carbon monoxide emission in dual fuel mode
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4.2.2. Hydrocarbon (HC) emission
The variation of unburnt hydrocarbon emission of the engine with Diesel and dual fuel is depicted in Fig. 6. Unburnt
hydrocarbon emissions are the direct result of incomplete combustion. It can be observed from the figure that the unburnt
hydrocarbon emission is the lowest for Diesel while it is the highest for Diesel with producer gas with mass flow rate of 
8lpm in dual fuel mode. Also, the unburnt hydrocarbon emission in all dual fuel mode operation in this study is higher than
Diesel operation. As result of the replaced producer gas in the inducted air, more hydrocarbon emission is formed in dual
fuel mode. However, the values of unburnt hydrocarbon for all the tested fuels in different mode in this study lie below 
25ppm only.
Fig. 6. Effect of brake power on hydrocarbon emission in dual fuel mode
4.2.3. Nitrous oxide (NO) emission
Higher temperature and availability of oxygen are the two main reasons for the formation of oxides of nitrogen (NOx) in 
compression ignition engines. Nitrogen is inert at low temperature, but at temperature higher than 1100 C nitrogen reacts 
with oxygen and form oxides of nitrogen [16]. From Fig. 7, it can be observed that the NO emission increases with increase
in load for all the fuels i.e. Diesel and D+PG fuel. This is due to the high temperature in combustion chamber obtained at 
increased load. At low loads, insignificant difference in NO emission is observed while operating the engine on diesel and
dual fuel mode. As load increases the variation of NO emission increases between Diesel and D+PG fuel. NO emission is
found to be higher in diesel operation than that of dual fuel mode. Also organic nitrogen from the air causes NOx formation.
Producer gas do not have organic nitrogen, it has only atmospheric nitrogen, which inorganic nitrogen [17].
Fig. 7. Effect of brake power on nitrous oxide in dual fuel mode
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4.2.4. Smoke density
The cause of smoke is incomplete combustion which may be due to incorrect air-fuel ratio or may be due to improper 
mixing of fuel with air. As shown in Fig. 8, significant difference is observed between smoke density of various fuels at no
load and full load, but the change was very insignificant at low load of the engine. In dual fuel mode of operation, the smoke
density is observed to be higher than that of the DF for all combination of PG. In diesel operation, the smoke density
attained a maximum value of 25% where as it is found to be 32% in dual fuel mode for D+PG8 at full load.
Fig. 8. Effect of brake power on smoke density in dual fuel mode
5. Conclusion
The performance and exhaust emission characteristics are investigated experimentally in a single cylinder, 4-stroke, air 
cooled DI diesel engine operating with gasifier on a dual fuel mode and following conclusions are made on the basis of 
experimental results.
Diesel fuel can be saved by replacing diesel with producer gas. Although, during the experiment there is 5.45%
reduction in brake thermal efficiency for the optimum value of dual fuel operation with D+PG4lpm at full load in 
comparison with diesel fuel, which is due to lower heating value of producer gas.
NO emission is reduced by 18.60% with dual fuel operation of D+PG4lpm at full load in comparison with diesel, which
is a great advantage of dual fuel mode over diesel fuel alone.
Dual fuel operation with D+PG4lpm increases both HC and CO emissions upto 17.39% and 15.38% respectively at full
load in comparison with diesel, which gives an indication of insufficient oxygen in combustion chamber.
    Overall, it can be concluded that the dual fuel operations of dual fuel with D+PG4lpm gives improved engine
performance and lower tail pipe emissions compared with other producer gas flow rates.
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